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含 175 mg·L-1 双乙酰或 0.01% 2-脱氧葡萄糖的培养基上分离突变株；筛选具有发
酵度较高、总高级醇生成量适中、低产双乙酰、低产乙醛等特性，且遗传性稳定
的优良菌株，并测定了优良菌株的转化酶和双乙酰还原酶的活性，以及运用
RAPD 分子标记技术对优良突变株及其亲株进行 RAPD 分析。 
从实验室保藏的啤酒工业酵母菌种分离 SM 抗性自发突变株，筛选得到几株
优良的突变株。其中 SM 抗性株 ZT14-9-1 和 ZT21-9-2 的 500L 发酵罐发酵试验
结果表明，它们的发酵度较高，发酵液中的主要风味物质双乙酰、乙醛、总高级
醇和乙酸的含量均符合优质啤酒的要求，发酵的酒液口感都较好。与其亲株对比， 
SM抗性株ZT21-9-2和ZT14-9-1的 ILV2基因中分别有 7个和 9个碱基发生突变，
而且都有 3 个 G（鸟嘌呤）、2 个 T(胸腺嘧啶) 和 1 个 C（胞嘧啶）发生突变。  
用氩激光诱变啤酒酵母 BX24 和 JWN1-4，筛选得到几株发酵特性优良的突
变株。其中突变株 AG14-1-7 的 500L 发酵罐发酵试验结果表明，发酵 11 天发酵
液的发酵度为 69.6%， 双乙酰、乙醛、总高级醇和乙酸的含量分别为 0.0230 
mg·L-1、1.37 mg·L-1、63.28 mg·L-1 和 84.5 mg·L-1。菌株 AG14-1-7 生产的啤酒具
有 β酒花油香味、口感柔和、协调，有很好的应用前景，目前正在扩大发酵规模
作进一步试验。 
用甲基磺酸乙酯（EMS）诱变菌株 BX24 和 JW1-3，筛选得到几株发酵特性
优良的突变株。其中突变株 ED24-4-2 发酵 11 天发酵液的发酵度为 69.7%，双乙
酰、乙醛、总高级醇和乙酸的含量分别为 0.0290 mg·L-1、3.13 mg·L-1、72.93 mg·L-1
和 87.75 mg·L-1。该菌株生产的啤酒口感较好，有很好的应用前景。 
用亚硝酸诱变啤酒酵母 JY2-2，筛选得到几株发酵特性优良的突变株。其中
突变株 NG22-5，用 500mL 三角瓶装 300mL11.5oBx 麦汁在 12oC 下发酵 8d，发
酵度为 67.3%，发酵液的双乙酰（0.0579 mg·L-1）、乙醛（5.61 mg·L-1）和高级醇


















菌株 JWN1-4 与 AG14-1-7、菌株 BX24 与 ED24-4-2、菌株 JY2-2 与 NG22-5 的
遗传相似系数分别为：0.777、0.793、0.769，说明突变株与其亲株具有密切的亲
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Abstract 
Brewer’s yeast is the key factor that guarantes the quality of beer. So the selection 
of the fine strains is significant. The sulfometuron methyl (SM)-resistant brewer’s 
yeast spontaneous mutants were isolated on the the plate agar containing SM. 
Saccharomyces aerevisiae strains were mutated by argon-laser, ethylmethane 
sulfonate (EMS) and nitrous acid, respectively. The mutants were separated on the 
plate agar containing diacetyl 175 mg•L-1 or 0.01% 2-deoxigen glucose (2-dG.) The 
fine strains with high fermentation degree, suitable content of total higher alcohols, 
low content of diacetyl and acetaldehyde in the fermented liquid, as well as stability 
heredity were screened.  The activities of invertases and diacetyl reductases of fine 
mutants and their parent strains were determined. The mutants and their parent strains 
were analyzed by Randomly Amplified Polymorphic DNA (RAPD). 
Sulfometuron methyl (SM)-resistant spontaneous mutants were isolated from the 
brewer’s yeast strains kept in our laboratory and several fine strains were obtained 
after screening. The fermentation of SM-resistant mutants ZT14-9-1 and ZT21-9-2 in 
500L fermentor suggested that their fermentation characteristics were according with 
the demands of the industrial production. The sensory evaluation of the beer produced 
by them was better than that of producing strain. Compared the DNA sequences of the 
ILV2 gene of SM-resistant mutants ZT21-9-2, ZT14-9-1 and their parent strains, it 
was found that there were seven and nine bases mutations respectively and the 
common characters of mutation of three guanines (G), two thymines (T), and one 
cytosine(C) in the ILV2 gene of ZT21-9-2 and ZT14-9-1.  
Anti-glucose repression mutants AG14-1-7 with great fermentation 
characteristics was screened after argon-laser mutagenesis. The fermentation of 
mutants AG14-1-7 in 500L fermentor for 11 days suggested that the fermentation 
degree of mutant AG14-1-7 was 69.6%, the contents of diacetyl, acetaldehyde, total 
high alcohols and acetate in the fermented liquid were respectively 0.0230 mg•L-1, 
1.37 mg•L-1, 63.28 mg•L-1 and 84.5 mg•L-1. The beer produced by strain AG14-1-7 
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Several fine mutant strains were obtained after mutating Saccharomyces 
aerevisiae strains BX24 and JW1-3 by EMS. The fermentation of diacetyl -resistant 
fine mutants ED24-4-2 in 500L fermentor for 11 days suggested that the fermentation 
degree of mutant ED24-4-2 was 69.7%, the contents of diacetyl, acetaldehyde, total 
high alcohols and acetate in the fermented liquid were respectively 0.0290 mg•L-1, 
3.13 mg•L-1, 72.93 mg•L-1 and 87.75 mg•L-1. The sensory evaluation of the beer 
produced by the mutant ED24-4-2 was nice. The mutant ED24-4-2 is of potentially 
applicability to beer brewing. 
The strain JY2-2 was mutated by nitrous acid. Several fine mutant strains were 
obtained after screening and the fermentation character of anti-glucose repression 
mutant NG22-5 was the best among the mutants. The fermentation of mutants 
NG22-5 in 500mL flask with 300mL 11.5oBx wort at 12oC for 8 days showed that the 
fermentation degree was 67.3%, the content of diacetyl, acetaldehyde and total higher 
alcohol in the fermented liquid were 0.0579 mg•L-1, 5.61 mg•L-1 and 76.66 mg•L-1, 
17.40%, 14.48% and 15.17% lower than that of the original strain JY2-2 respectively. 
In order to inspect further the characters of beer brewing of mutant strain NG22-5, the 
test expanding fermented scale will be performed. 
 The analysis results of activities of invertases and diacetyl reductases of fine 
mutants indicated that the enzymatic activities of the mutants were stronger than that 
of their parent strains. The genetic similarity between strain JWN1-4 and AG14-1-7, 
BX24 and ED24-4-2, JY2-2 and NG22-5 analyzed by RAPD were respectively 0.777, 
0.793, 0.769, it was proved that the there were chosely genetic relationships between 
mutant strains and their parent strains, but also remarkable differences at DNA level.   
 
Key words: brewers yeast, yeast selective breeding, invertases, diacetyl reductases,                
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第一章  前 言 
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首位。近 20 年来，我国经济大发展，迎来了啤酒业的黄金时期。1993 年啤酒产
量 1300 万千升，超过德国，居世界第二位；2002 年产量 2375 万千升，超过美
国，成为世界第一啤酒生产大国[5]，2007年仅 1月至 6月的啤酒累计产量为 1871.1
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图 1.1  酵母中异亮氨酸、缬氨酸和亮氨酸生物合成途径及双乙酰的形成[9] 
Fig. 1.1 Biosynthesis of isoleucine，vaine and leucine and formation of 
vicinal diketone in yeast 
 
图1.2 啤酒中双乙酰的产生及降解的主要反应过程[10] 











































施。提高发酵温度可以加快 α-乙酰乳酸向双乙酰的转化， 只有转化成双乙酰， 才
有双乙酰还原的发生。 
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